MISSION CONTROL SYSTEMS
EFFECTIVENESS ANALYSIS

2 S fABE S % {THRU)
= / )

o

fred y ( ZGES) {CODE)
= ﬂ / /p [s-0

E {NASA CR ORTMX OR AD NUMBER) (CATEGORY)



MITRE Technical Report
Display and Control System
A. S. Goldstein, G, B. Hawthorne, Jr.
10 June 1966
AF19(628)-5165
B M reberam "

ESD

Subject:

Author:

Date:

Contract No.:
Contract Sponsor:
{ssued at:

©
=
=)
2
=%
=
<C
—
=
S
=
£
=
S
=%
>
o

MITRE Project Approval:

‘THIS 1S A FORMAL REFPORT PREPARED BY MITRE AS PART OF ITS EFFORT UNDER THE CITED PROJECT AND CON-
TRACT. REPRODUCTION CR FURTHER DISSEMINATION IS NOT AUTHORIZED. IT HAS NOT BEEN REVIEWED BY THE

DIRECTORATE OF SECURITY REVIEW, DEPARTMENT OF DEFENSE, AND iS NOT FOR PUBLIC REL EASE.

r

BEDFORD, MASSACHUSETTS







ABSTRACT

This report is Volume %4 of the Final Report on Mission Control
Systems Effectiveness Analysis, NASA Contract T-53803-G. This volume
describes the analysis performed on the MCC Display and Control System.
Characteristics of the Display and Control System are discussed in
terms of capacities and capabilities and then usage analyses based
on actual GT-8 mission data are presented, followed by conclusions
and recommendations.
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SECTION I

INTRODUCTION

The technical assessment and determination of limits of cap-
abilities of the Display and Control System requires the establishment
of objective standards and measurable criteria. In the absence of
established measurement criteria there is no simple or formal method
of determining when the MCC, or one of its major subsystems, in its
present or planned configuration, will become a limiting factor in
space flight control and operations. The display system has fulfilled
its role successfully to date. The fact that it may, from time to time,
require updating and redesign to fulfill future mission requirements
that are not yet defined in adequate detail, is a source of concern.

A formal and complete technical assessment of the display system cur-
rent capabilities helps to provide a basis for determining equipment
adequacy in regards to proposed redesign and configuration.

This volume of the report discusses the display system capacity
and capability, in terms of various measures established during Task Al.
During this task, display system block diagrams were prepared and sub-
mitted to NASA. This effort resulted in an insight into the physical
nature of display system equipment. A subsequent set of usage analyses,
concerned with operator actions and demands upon the display system, '
was done to acquire a complementary insight into the use of the dis-
play system. These usage analyses are discussed here in detail, and
then a summary of conclusions is presented, based upon the usage
analyses. 'This is followed by recommendations for continuing display
and control system analysis which will aid NASA personnel in making
design and procurement decisions,



SECTION II

GENERAL APPROACH

INTRODUCTION

The formal standards and criteria upon which to base qualitative
and quantitative judgments of any of the MCC systems do not exist to
any appreciable extent. One can state that the RTCC performed to
some estimated value of design capability, the communications system
experienced a certain number of outages in a specified mode of operation,
or that the display system was characterized by a certain average time
delay in fulfilling display requests. These measurements, by them-
selves, do not form very complete evaluations of equipment adequacy,
nor do they reflect the overall system performance potential. Com-
pleteness in evaluating equipment design and subsequent performance
is difficult because:

1. Modes of operation vary within and between flights.

2. Nominal flights and failures causing early and sudden mission
termination do not test the facility and equipment to design
limits,

3. Original design philosophies and documentation may not be
reflected in actual implementation and operation of the
facilities.

4, The operation of the equipment. and facilities changes with
use and experience.

5. Personnel have differing philosophies and capabilities with
regards to operations and equipment usage.

6. Mutual dependencies between display and RICC software are
difficult to determine.

7. Equipment and personnel performance are difficult to predict
in degraded or non-standard modes of operations.

Early in this study effort it was concluded that a gap existed
in the documentation of the MCC design. No system design book, or
books, were found that described and dealt with the MCC and its major
systems on an adequate functional level. There were quite detailed
and adequate specifications on equipment, and general descriptive
documentation (as an example PHO-FAM 00l) which were superficial in
a systems engineering design sense. To both fulfill the task assign-
ments, and help overcome the documentation gap it was decided to
evolve a set of display system block diagrams. These would serve
the following purposes:



1. Familiarize MITRE personnel with the display system and assure
that MITRE had acquired a proper understanding of the system.

2. Provide NASA management with a coordinated set of block diagrams
which present easily understood engineering-type information
on the limits and capabilities of the display system.

3. Form a basis for the development by MSC of an MCC engineering
system design book.

4. Serve as a launching platform into effectiveness and usage
analyses of the display system.

In analyzing the capabilities of the display system it was decided
that an analysis procedure was required that was not overly expensive
and which could be used by NASA to aid in equipment selection during
system augmentation. This analysis required the breaking down, or
partitioning, of the MCC into subsystems which are further divided
into parts to be analyzed. This suboptimization procedure requires
that relationships and interfaces between systems and parts be care-
fully delineated. Fortunately, the display system is easily decoupled
from the other MCC systems in the present configuration. The only
interface area of concern was with the RICC, and this interaction area
was easily defined (except with respect to internal programming actions
and delay times within the RTCC). Within the display system there
were adequately defined interfaces between subsystems which were well
documented in detailed specifications. This made the task of generating
system block diagrams relatively simple, but tedious. It was felt
that the best procedure was to trace data flow line~by-line (and some-
times bit-by-bit) in the form of open or closed loops through the
display system, and then to present the pertinent information on block
diagrams in an easy-to=-read manner. This was accomplished under Task
Al.

The next task consisted of performing usage analyses which would
hopefully lead to an effectiveness analysis. This study was to be
limited to evaluating equipment and format usage only, without much
emphasis upon the operational aspects of how the display system is
used by flight control personnel. However, it is difficult to com-
pletely decouple equipment performance and operational use and, in
the usage analysis part of this study, some efforts were devoted to
obtaining and analyzing data on how the display system was used by
the GT-8 console operators. Usage data in the form of tables and
graphs were developed, but judgments on the human and operational as~-
pects based upon this data were considered beyond the defined scope
of this initial four-month study effort.

DESCRIPTION OF ANALYSIS

The Display/Control (D/C) system has 5 subsystems, (CDCIS, TV,
Console, Group Display, and Timing Subsystems) each having many elements.
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This complex hardware configuration serves many functions, such as
indication of events, control of computer program switching, status
indication, and hardcopy generation; but most important (in the sense
of need for analysis) is the display request/retrieval function. The
man/machine interface involved here is an important one, particularly
in the area of response time, i.e., the time between the initiation
of a display request by a human operator and the delivery of the com-
plete display by the system. Other aspects of importance are the
loading on various parts of the system, the malfunctions which occur,
the extent to which parts of the system are saturated (operating near
their limits), the way in which console operators use their input de-
vices, and the way in which they select various display formats. 1In
this study, a limited look was taken at each of the above areas.

The analysis approach tends to be shaped by the partially random
occurrence of flight controller actions; this together with other
random factors, such as the times of occurrence of scheduled and un-
scheduled events or the number of real-time updates, imposes a varying
load on the system which tends to require that any meaningful pre-
diction of performance be in the form of a statistical or probabilistic
statement (e.g., ""the delay will not exceed 4 seconds for 907 of the
display requests'). Such statements can be derived for demand/response
systems, such as this one, either analytically from mathematical
models (these must be based on experimental observations of the system),
or experimentally from measurements taken on the system during operation;
in cases where neither of these is feasible, it is sometimes possible
to derive extremes of performance, in terms of "best case" and "worst
case'", by analyzing the system hardware and operational constraints.

The general approach taken in this analysis was a mixture of ex-
perimental measurement and best-case/worst-case approaches, with most
emphasis on the former. Time did not permit the accumulation of
sufficient detailed data to allow the construction of statistical
models for predicting system performance under different conditions,
hence the main result is to give a gross picture of the system’s
performance on one particular mission (GT-8), and to develop tech-
niques and procedures that should ultimately aid NASA in making design
and operational decisions concerning the display system. As a basis
for the analysis, Task Al was performed, i.e., each subsystem within
the D/C system was broken down into component blocks of hardware, and
each of these described at a very detailed level, in terms of its
physical and functional characteristics.

From the basic and detailed data on the system elements, subsystem
and system characteristics can be developed. At the system level of
analysis, three factors stand out as important:



® The D/C system capacity and capability is shared by a number
of console operators, on both a space and time basis (e.g.,
the D/TV Converter is shared on a space basis by allocation
of its 28 physically separate channels, while the CIM is
shared on a time basis by sequential scanning of its users).

® A single console operator uses, at most, only a small part
of the D/C system at any given time.
® The system elements serving a given console operator in any

given instance are utilized in sequential (series) chains,
with the output of one element serving as the input of an-
other. The complete set of elements forming such chains
can be thought of as loops (open or closed) which either
start, finish, or both start and finish, with the human
operator.

Only a much more complete analysis than described here can ad-
equately take into account the individual and random interactions
implied by the first of the above factors. Instead, the performance
and loading of various system elements in response to the aggregate
demand of all console operators was statistically determined from
data recorded during GT-8. The results are discussed under Display
System Usage Data Analysis (Section IV).

As a consequence of the second factor above, it is reasonable to
analyze that portion, or portions of the D/C system which are typically
utilized by a single Console Operator in performing some monitoring
or control function. Parts of the system which can serve all con-
trollers simultaneously without any degradation of performance or
which impose no appreciable response time constraints (such as the
Group Display and Timing Subsystems), need not be included. Hence
the CDCIS, Console, and TV subsystems remain as candidates for more
detailed analysis.

As a consequence of the third factor above, it is desirable to
analyze the performance of the various open and closed chains (or
loops) of elements used for display retrieval and other functions.
The analysis of a commonly - used closed loop (display-request loop)
is given in Section III,



SECTION IIIX

DISPLAY SYSTEM CAPACITY AND CAPABILITY

INTRODUCTION

Seven physical and functional characteristics of the system hard-
ware were established as reasonable measures of capacity and capability;
these were evaluated for various subsystem components as described
below.

CHOICE OF MEASURES

The measures chosen for describing the D/C system (and their units,
if any) are:

1. Capacity (various units = number of words, bits, positions,
lines, channels, etc.)

2. Time Delay, Rate (bits, characters, positions, or frames per
second, delays in seconds, etc.)

3. Reliability (usually in specified MIBF's, MIR's, redundancy,
etc,)

4, Accuracy (% of full scale or nominal value, absolute accuracies
in volts, cm., etc.)

5. Controllability (descriptive information about switchover
capabilities and indicator and control panels).

6. TFlexibility (description of possible alternative configurations,
patchable connections, modes of use, etc.)

7. Expandability (number of additional units which can be
accommodated, in absolute values or percentage of present
capability, without extensive procurement and redesign of
equipment).

Although there is some interdependence among these measures, and
though not all of them can be described quantitatively, they do form
a useful and reasonably complete set of descriptors for the system
hardware, They arise naturally from a consideration of two modes in
which humans interface with the hardware:

(1) During a mission, Flight Controllers and other console operators
utilize the system hardware for monitoring and controlling
the mission operations. In this mode, data and information-bear-
ing signals are stored, transmitted, converted in form, pro-
cessed, routed, and controlled; this immediately suggests
system capacities, time delays and transmission rates,



equipment reliabilities and failures, absolute and relative
accuracies, and ease or degree of human control, i.e., the
first five measures, as being of interest.

(2) Between missions, engineers and technicians change and modify
the system; this reconfiguration mode immediately suggests
system flexibility and margin for expansion, i.e., the last
two measures, as being of interest.

In addition to these measures, it is necessary to summarize the
functional and physical relationships among the various hardware
elements, i.e., the input/output relationships, data and control line
connections, and transmission/processing control disciplines and logic.
This suggests the use of annotated block diagrams; such diagrams also
provide a convenient place for recording values of the various measures.
Four such diagrams were produced during Task Al, and delivered.

There were:

CHART I, CDCIS, Group Display, and TV Subsystems
CHART II. MITE (part of Timing Subsystem)

CHART III. RTA Complex (part of Timing Subsystem)
CHART 1IV. Console Subsystem

Each chart was produced as a basic block diagram plus a number
of transparent, color - coded overlays. The block diagrams show
such things as equipment names, groupings, and locations, as well as
interconnections and descriptive information. The overlays give
information relative to the various measures for the various components
in the subsystems. These charts were originally produced for the
purpose of self-education of the MITRE C/D team, but they have since
become useful to NASA for other purposes.

APPLICATION OF CAPABILITY MEASURES

To illustrate the application of capability measures, a simplified
analysis was made of a typical and much-used loop (display-request
loop). This loop, which is closed (i.e., can be traced from a human
operator through the system and back to the operator), was analyzed
for response time, using data on time delays gathered under the
Capacity and Capability Measures part of the effort.

All console operator requests for display formats originate with
a manual request action by a console operator, using either an MSK
or DRK, and terminate (completion of response) when the complete
requested display appears on his console TV monitor screen. It is
important, in such man/machine interactions, that the delay between
request and response not exceed a certain value, generally taken
to be in the order of 1 to 4 seconds. The actual delay in a given
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instance is random, depending on the amount of random, operator-imposed
loading which the system is experiencing at that time., Hence the most
complete picture of response delay is given by a statistical distri-
bution of loop delay times. However, in the absence of a statistical
model, it is still possible to calculate the best-case and worst-case
delays, as follows.

As with all open and closed loops which originate or terminate
with a console operator, the subject loop does not lie entirely within
the Display/Control system. In particular, the display request loop
passes through the RTCC system, where requests suffer a delay which
is again random. This delay will be conservatively approximated by
2 milliseconds, assuming that the computer is unloaded and completely
available to handle the incoming request.

Other sources of delay (assuming that the requested display is
not already being generated), all lie within the D/C system and consist
of the Computer Input Multiplexer (CIM), the D/TV Data Distributor
(D/TV DD), the Converter Slide File Data Distributor (CSFDD), the
D/TV Converter, and the Video Switching Matrix (VSM). It is assumed
that the manual input device (MSK or DRK) and its associated encoder
introduce no appreciable delay; likewise for the video and data trans-
mission lines and the console television monitor. The display data
flowing through the D/TV DD, CSF DD, and D/TV Converter is split into
two parallel paths, both of which must be traversed before the complete
display is generated. Hence the path having the largest delay (CSF DD
and Converter Slide File, an element of the D/TV Converter) fixes the
overall delay through this part of the loop. If the loop is traced
backwards, beginning with the VSM, the various elements which fix the
total delay are:

VSM - 100 msec. switching delay.

Converter Slide File - 3 seconds delay. {(In the case where a
slide file access is required).

CSF DD - 11 msec request transmission time.

RTCC - 2msec (approximation).

CIM - variable, depends on loading.

Since the above elements are in series around the loop, their
delays add. The total delay is thus 3.113 seconds plus the CIM delay.
The CIM delay is calculated below for the two extreme cases of CIM
loading, i.e., for only one active CIM input scanning position: (the
display request being analyzed), and for all 1024 positions active
(corresponding to maximum utilization of console/module scan positions,
and assuming that simultaneous requests are being made at each
position).



Minimum-Loading Case

In this case only the single subject display request is waiting to be
scanned and transmitted by the CIM. The transmission of this one

36-bit word at the 2500 bit/sec rate introduces a delay of 36/2500 = 1l4.4
milliseconds (msec). The minimum scan delay occurs if the CIM scan
reaches the active position at the same time as the request, in which
case the scan delay is zero. The maximum scan delay occurs if the

CIM scan leaves the active position just prior to the arrival of the
request, in which case it must scan the remaining 1023 inactive positions
before returning to the active one. Since the scan rate is 25,000
positions/second, the scan delay is 1024/25x103 = 41 msec. For a
uniform (random) distribution of scan position with respect to active
position at the time of the request, the mean scan delay is one-half

the maximum, or 20.5 msec., Thus in the minimum-loading case the
following CIM delays can result.

@ Best Case (no scan delay): 14.4 msec
® Worst Case (Maximum scan delay): 55.5 msec
] Average Case (mean scan delay): 34.9 msec

Maximum-~Loading Case

In this case all 1024 scan positions contain active requests, in-
cluding the subject display request. The other requests are a mixture
of inputs from various types of modules: MSK, DRK, FDK, PCK, ESW,
SMEK, and ESO. All of these except the last three transmit a request
with one computer word; the ESW may transmit 1, 2, or 3 words, while
the SMEK and ESO always transmit 2 words. Most ESW transmissions

are one word, however, and the number of SMEK and ESO modules is

small compared to the total number of modules; hence it will be as-
sumed that all modules transmit one word. The additional delay in-
troduced by these 1023 other words is entirely transmission delay;

the scan delays (maximum, minimum, and mean) remain the same as before.
Hence in the maximum-loading case, the following CIM delays can result.

® Best Case (no scan delay, no extra transmission delay): 14.4 msec
® Worst Case (maximum scan and transmission delay):

14.4 + 41 + (1023)(1l4.4) = 14,900 msec = 14.9 sec
® Average Case (mean scan and transmission delay):

4.4 + 20,5 + (1023/2)(1l4.4) = 7,400.5 msec = 7.4 sec

Range of Delays

Based on the above minimum-loading best case and maximum-loading worst
case, as well as the previously given delays in other parts of the system,

the total delay experienced in obtaining the display would be as follows.
)



® Minimum delay - 3,113 msec + 1l4.4 msec = 3,127.4 msec = 3.1 sec.
) Maximum delay - 3,113 msec + 14,900 msec = 18,013 msec = 18.0 sec.

If the corresponding average cases are computed, the total delays
become

® Minimum Average Delay -

3,113 msec + 34.9 msec = 3,147.9 msec = 3,1 sec
& Maximum Average Delay -

3,113 msec + 7,400 msec = 10,513 mséc.= 10.5 sec.

As can be seen, the minimum-loading best and average cases are
essentially identical. Thus, a lower bound to the delay of a single
request is 3.1 seconds, the bulk of which is accounted for by the
Converter Slide File. Such a delay is within the bounds of acceptability,
but the maximum-loading worst and average cases of 18.0 and 10.5
seconds are not. Exactly where the present configuration stands between
these two extremes can be determined only by further analysis, but
several observations may be made, as follows.

@ All 1024 scan positions were not in use for GT-8, and
probably will not be for some time (at least as far as
console inputs are concerned). Hence the above maximum-
loading delays are unduly pessimistic. Based on the
approximately 100 scan positions in use for GT-8, the maximum

. average delay as calculated above turns out to be 3.9 seconds.

] Even if all 1024 positions were in use, it is extremely un-
likely that they would all be active simultaneously. This
would require that the flight controllers be simultaneously
using eight input modules at each console. Not only is the
average number of modules at each console considerably less
than eight, but the modules are normally used one at a time.
This factor immediately reduces the maximum delay to 4.9
seconds and the maximum average delay (for 1024 positions
in use) to 4.1 seconds, a tolerable figure.

* Even with one active module per console, it is extremely
unlikely that all consoles would make simultaneous re-
quests, thus reducing the maximum delays still further.

In summary, it is likely that the present configuration is
operating closer to the minimum values of delay than to the maximum.
A more definitive statement of the present and predicted future
situation is best made in statistical terms, e.g., a curve showing
the probability (or percent time duration) of any particular delay,
under prescribed conditions. Short of over-designing the D/C system
to insure minimum delay under every conceivable condition, no matter-
how short the duration of the condition, the systems planner is left
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with this statistical approach as the best means for making the in-
evitable tradeoff between acceptable performance and cost.

The example above is intended both to give some indication of
the present adequacy of the system for handling display requests, and
to indicate the general approach that might be taken in a more complete
analysis. The latter would require the development of equations ex-
pressing the CIM and RTCC delays in terms of the number of controllers
making requests, the rate of arrival of the requests, and the loading
of the RTCC.

11



SECTION. IV

DISPLAY SYSTEM USAGE DATA ANALYSTIS

INTRODUCTION

Upon completion of the study of the MCC Display System
configuration, and the generation of system block diagrams,
an analysis of Display System usage was initiated. This
effort serves the purpose of providing an exploratory in-
quiry into approaches to usage analysis before undertaking
any further extensive effort along these lines, and also
helps to establish possible measures of effectiveness for
the Display System. These usage studies do not include
operational analyses, and therefore, any results stated must
be interpreted in this light.

This display usage analysis task was structured by the
limiting factors of (1) time available for the analysis,
and (2) availability of usage data. Because of these limi-
tations an attempt was made to select those study areas
which were considered to be of most importance in the usage
of the display system, and for which meaningful results
could be obtained within the available time.

There has been no coordinated formal usage data analysis
program at the MCC, and the short duration of this study pre-
cluded efforts to develop any extensive program of this sort.
The philosophy adopted for the usage analysis was to make use
of readily available data and computer routines, even though
these were not ideally matched to the task in some cases.

The most valuable part of this analysis lies in its es-
tablishment of procedures and techniques that can be used for
possible future analyses. This approach revealed areas where
further data gathering would be advisable, and areas of study
where the analysis of this data could lead to significant re-
sults and conclusiéns. These results and conclusions might
then be profitably applied to, and affect redesign and ac-
quisition of, both equipment and operational procedures.
Correlations between mission characteristics and display
system usage would also help to estimate and establish future
design requirements and operational demands upon the display
system,
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The usage analysis was limited to the GT-8 mission which
was selected because (1) it was of short duration and therefore
manageable using manual tabulations, (2) contained a crisis
period, and (3) was a complex mission involving two launches.
The GT-8 mission was the latest mission for which data was
available and was the mission for which personnel have accumu-
lated the most experience with the MCC and its equipment. It
was believed that this would help minimize the effect of opera-
tor learning on the usage data. )

3

The main areas within the display system selected for

usage analysis were:

1. The console subsystem (display request modules)

2. Computer display control interface subsystem
(Digital/TV converter channel operation and
computer input multiplexer)

3. Display format usage analysis

The timing subsystem, group display subsystem, the equip-
ment portion of the television subsystem, and the hard copy
facility were excluded from this usage analysis. It was felt
that their relative importance and effects on future display
system requirements and redesign would not be as great as for
the other display areas selected for analysis.

The following specific usage analyses were made:

(1) Digital-to-TV Channel Saturation - This involved
analyzing the history of occurrences of the red and
amber lights (which indicate approaching channel
saturation) during the entire GT-8 mission. This
study shows the extent to which the D/TV channels
operated at near-saturation, due to demand for
display format requests, and relates mission times
to these periods of near-saturation.

(2) Life Systems Consoles - This involved selecting a
small functional group of consoles and studying,
for this group, the usage of console modules and
of dynamic display formats. This study, in addition
to revealing the life systems group actions, serves
as a model for analysis of all consoles and functional
groups.
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(3) Display Format Usage Analysis - This study provides
relative usage statistics for all display formats
provided for the GT-8 mission. The analysis con-
siders the total number of MSK requests (by all
consoles) for each of the dynamic displays, as well
as the number of different displays requested during
each of fifty 20-minute intervals covering the mission.
Comparisons of display usage are made among the various
functional groups of displays, and the e€ffects of in-
valid requests and '"clear monitor'" requests are con-
sidered.

(4) Total Console Module Activity - This study reveals
some of the characteristics of the usage of all con-
sole input modules during the entire GT-8 mission.
The variation of keyboard activity with time is
categorized by type and analyzed.

(5) Comparison of Manual Selection Keyboard and Display Request
Keyboard - This study shows the relative usages of
the MSK and DRK for several consoles containing
both modules. It indicates operator preference,
and in conjunction with the total console module
activity analysis, reveals the possible consequences
and effects on the display system of adding more modules
"of each type.

(6) Computer Input Multiplexer Loading - This study pro-
vides rough indicators of the loading and possible
time delays for the CIM, and casts some light on
the contemplated use of the CIM in the CCATS con-
figuration.

(7) Digital-to-TV Channel Outage Statistics - This -
study was designed to reveal the D/TV channel re-
liability characteristics and their effects upon
the statistical data of other analyses. Channel
outages and their durations were recorded and sum-
marized,

The major sources of data for all usage analyses
were the mission log tapes and the knowledge of the
display system developed from Tasks Al and A2 of
this four-month study. The computer program for
delogging the mission tapes was the Philco Data
Retrieval and Interpretation Program (DRIP). This

14



delog program (apparently developed for other reasons

for NASA, and the only useful program found to be readily
available) produced computer printouts from which data
were manually reduced and tabulated into the desired

forms. The following paragraphs present the purpose,
procedures, results, and conclusions. of the usage studies,
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DIGITAL/TV CONVERTER CHANNEL SATURATION ANALYSIS (RED-AMBER CONDITIONS)

Purpose

A major area of concern within the Display System is whether
the present number of D/TV converter channels is sufficient to’
support future missions. This usage analysis reveals, for GT-8, the
time history and statistics of the red and amber warning lights which
are indications of saturation, or near-saturation conditions in these
channels. The amber light indicates 24 or 25 converter channels, and
the red light indicates 26 to 28 converter channels, out of a total
of 28 channels, are in use and hence not available for new display
requests. The purpose here was to analyze the occurrences and
durations of three conditions: red condition (0O to 2 channels available),
amber condition (3 to 4 channels available), and red-or-amber con-
dition (0 to 4 channels available).

Procedure

The data indicating red and amber conditions for GT-8 was obtained
from the mission log tapes by using the Philco Data Retrieval and
Interpretation Program (DRIP) to delog the mission tapes. The print-
out produced by DRIP contained the GMT times that the red and amber
lights changed from ON to OFF and vice versa. This data was collated
manually and arranged to present the total seconds the:'lights were on,
the durations of the ON state for each occurrence, and the number of
ON occurrences during 50 twenty-minute time intervals starting at
00/12/20'00 GMT. This 1000-minute duration spans pre-mission to
post-mission time for GT-8, which was about 900 minutes long. Twenty-
minute intervals were selected as being short enough for useful
results and yet allowing the analysis to be done in the time available.
One could investigate channel usage during shorter time intervals for
specified mission phases, at the expense of extra data reduction time.

Results

The data was used to generate curves which graphically
illustrate D/TV converter channel usage characteristics.
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Figure 1 indicates the total seconds that either red or amber
lights (sum of times) were ON during each 20 minute interval.
It is interesting to note that the red and amber lights were

ON during an entire twenty-minute interval only once (interval
22). Also of interest is the fact that during both Agena
launch and Gemini launch. time phases, amber and red condi-
tions were not as great as they were during the orbit period
(which begins at about intervall5 and ends at about interval
35). This may have been due to an operational procedure which
requires persomnnel to have their display requests initiated and
unchanged from three minutes prior to launch until orbit phase
is achdeved. The absence of any vred or amber conditions during
intervals 30 and 31 is indicative of a quiescent period. This
is possibly due to an operational procedure causing clearing of
the channels, or the ending of the first shift of controllers.
The rise in red and amber conditions after those intervals might
be the beginning of the second shift. There was no indication
that this rise was due to the crisis which led to an abort (this
did not occur until interval 34), The red-or-amber condition
falls off rapidly after the crisis was detected, probably in-
dicating that updated display data was not available, and that
there was no need for many controllers to call up display for-
mats during re-entry.

Another curve (Figure 2) indicates the percentage for
each time interval of the fifty 20-minute time intervals
(100 percent is equivalent to 1200 seconds), that the red
light was on, the amber light was on, and either the red or
the amber light was on. This graph indicates that red ON con-
dition occurred during interval 23 about 50 percent of the time.
The sudden drop at interval 24 might have been due to an opera-
tional procedure or a request to all controllers to clear chan-
nels and use them only if necessary. The average duration of
the red condition was considerably lower for the remainder of
the mission (approximately 24 percent for intervals 13 to 30).

The amber light is on for slightly more than 40 percent
of the time between intervals 15 and 28, and reached a maxi-
mum level of 57 percent at interval 21.

Figure 3 is a histogram of red, and of red-or-amber dura-
tions which shows the number of occurrences of these conditions
for specified time durations of each occurrence., As an example,
the number of red conditions which lasted from 1 to 10 seconds
was about 50, and the number of amber conditions lasting from
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1 to 10 seconds was about 85. There were no red conditions
which had a time duration of 60 to 70 seconds, and there were
about 19 occurrences of amber which lasted for 60 to 70 seconds.
The histogram indicates that, for most of the mission, the dura-
tions of red-or-amber condition were less than 40 seconds (68.3
percent of all occurrences), and very few durations were greater
than 120 seconds (4.4 percent). This Figure also indicates the
cunulative distribution of red-or-amber condition, showing per-
cent of occurrences (based on a total of 440 occurrences) as
well as number of occurrences.

Table 1 contains a tabulation of the number of occurrences
of the red and amber lights by 20-minute time periods. The ex-
istence of intervals having high percentages of red or amber time
is associated with the occurrence of comparatively long dura-
tions (greater than one minute) rather than with the number of
times the lights went on during that interval (as indicated during
interval 22). 1t should be noted that red condition does not
necessarily mean all D/TV converter channels are in use.

Conclusions

Although no single value or number can be stated as to the
amount of D/TV converter channel saturation experienced, it ap-
pears from the data that for most of the GT-8 mission, the
capacity of this part of the display system was adequate (as-
suming a limited amount of red condition is considered acceptable).

It would be of further interest to observe the status of
red and amber conditions during a mission with a longer orbital
period containing other events such as space walks and several
flight controller shift changes. These conditions would be more
indicative of what to expect for future missions and would help
establish any correlations between display usage for a mission
and converter channel saturation.

Before statements are made as to the adequacy of 28 D/TV
converter channels for a particular mission, it would be ad-
visable to perform this analysis (and other analyses discussed
in subsequent sections) for missions other than GT-8. Thus
trends could be detected and correlations made between channel
saturation and the factors of mission complexity, mission dura-
tion, and number of display formats available. NASA could then
make a better judgment as to whether the present number of D/TV
converter channels in the display system is adequate for future

18
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Occurrences of

Table 1.

Lights by Time Interval

AMBER CONDITION

RED CONDITION

Number of Number of Number of Number of
Durations of Durations of Durations of § Durations of
ON Condition ON Condition ON Condition { ON Condition
Time Number of Greater than Greater than | Number of Greater than § Greater than
Period [Occurrences 1 Minute 2 Minutes Occurrences 1 Minute 2 Minutes
1-4 0 0 0 0 0 0
5 1 0 0 0 0 0
6-8 0 0 0 0 0 0
9 2 0 0 0 0 0
10 14 4 0 8 0 0
11 1 1 0 1 0 0
12 8 2 0 2 0 0
13 11 4 0 2 0 0
14 12 1 0 10 1 0
15 14 2 0 7 1 0
16 13 4 1 4 0 0
17 15 5 0 3 1 1
18 16 5 0 8 3 1
19 16 1 1 A 1 1
20 7 3 2 2 0 0
21 19 4 0 10 1 0
22 7 3 1 5 4 2
23 17 3 0 11 3 2
24 11 2 1 3 1 0
25 17 3 0 5 0 0
26 18 3 0 8 2 1
27 15 1 1 1 0 0
28 18 5 0 10 4 0
29 7 3 0 5 2 1
30 0 0 0 0 0 0
31 0 0 0 0 0 0
32 7 1 0 0 0 0
33 10 4 1 5 0 0.
34 8 L 1 7 4 1
35 5 2 2 3 1 1
36 13 5 0 5 1 0
37 7 4 0 0 0 0
38 5 1 0 0 0 0
39 2 0 0 0 0 0
40 0 0 0 0 0 0
41 2 1 1 1 1 0
42 0 0 0 0 0 0
43 1 0 0 0 0. 0
bt 3 1 1 2 0 0

. 22'




missions or needs expansion, and if the latter, by what amount.
However, based on just the GT-8 data, no clear case can be made
for more channels.

This type of analysis could be fairly easily performed for
all missions by developing computer programs (perhaps by re-
vising or modifying DRIP) that delog, format, and analyze the
data from the log tapes in one operation.
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LIFE SYSTEMS CONSOLES DISPIAY FORMAT‘USAGE ANALYSIS

Purpose

The purpose of this study was to investigate, via analysis
of display format request data, the nature of the activities of
a functional group of consoles. It included the determination
of which functional groups of displays were utilized by the
chosen functional group of consoles. The Life Systems Console
group was selected for this sample analysis mainly because of
the tractable size of the data sample. The Life Systems group
consists of three consoles (Life Systems Officer in the MOCR,
and the two Life Systems consoles in a staff support room), all
of which were characterized by a relatively low level of display
request activity for the GT-8 mission.

The maintenance and operations group of consoles had ori-
ginally been selected for analysis. However, it was discovered,
before requesting delog data, that these consoles were highly
active in an off-line monitoring and checking function. The
maintenance and operations consoles are characterized by the
continuous sequential and rapid selection of displays, appar-
ently in order to fulfill their function of monitoring the con-
dition of displays and equipment in the system. This type of
activity would not properly serve the purpose of this study,
which included the comparison of display-retrieval activities
among several consoles engaged in direct mission support activity.

By studying and analyzing all functional groups of con-
soles, one should obtain a composite picture of the display
activity in the MCC. This could reveal relationships between
and within functional groups as to their common needs for cer-
tain display data as well as variations in their uses of equip-
ment. Such a complete study could reveal display format pre-
ferences, needs for closer coordination between functional
groups, and possible enhancement of both display design and
operational procedures.

Procedure

Individual computer printouts for each of the three Life
Systems consoles were obtained from DRIP. This data was manu-
ally reduced to show console module actions, time histories of
display requests, and "up" time of displays. These data were
divided into TV channel requests and display format requests.
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Results

The display-retrieval actions for MSK modules were divided
into display format requests and TV channel requests, and these
were analyzed separately. Table 2 indicates the TV channel number
requested, the display name, the number of times the display was
called, the duration of the display on the TV monitor at each
call-up, and the total time the display remained on the console
TV monitor during the time interval between 00/12/12'00 to
01/04/00'00. It should be noted that the duration of the dis-
play on the television monitors, as shown in the total up~time
column, does not necessarily correspond to the actual time the
operator viewed or used the display. The total up times do
represent maximum possible viewing time of the display by .an
operator or operators. Those channels that were called up
three or less times, and with no single duration of up-time
greater than 10 seconds, are grouped at the end of each list
for each console. These actions are probably due to mistakes
in dialing the proper MSK number or to searching on the part
of the operator, and they have negligible effect on the statis-
tics of the analysis data.

Table 2 indicates that the Life Systems Officer devoted
most of his TV chamnel viewing time to:

(1) the three remote television cameras (for 267 minutes)

(2) the two life systems opaque televisors (for over 205
minutes)

(3) four digital/TV converter channels with undetérmined
display formats (for 566 minutes)
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TABLE 2

TV CHANNEL REQUEST ANALYSIS (Life Systems Consoles)

Life Systems Officer

No. of Total
TV Chan. Display Calls Up Time | Durations of Calls (Min: Sec.)
09 D/TV * 1 93:13 (93:13)
12 (Unknown 8 382:14 (93:10) (31:54) (0:32) (32:31) (18:37) (0:21)
(58:52) (144:17)
23 Display 3 21:49 (0:18) (21:16) (0:15)
28 Format) 2 68:16 (57:36) (10:40)
47 Remote 1 TV 8 113:10 (105:29) (0:06) (0:17) (7:06) (0:04) (0:02)
(0:03) (0:03)
48 Remote 2 TV 6 11:03 (0:07) (5:34) (5:01) (0:14) (0:04) (0:03)
51 Remote 3 TV 10 142:38 (1:11) (14:21) (11:53) (0:08) (0:38) (8:27)
(20:53) (35:42) (49:23) (0:02)
58 L.S. Opaque
™ # 1 6 186:50+ (51:18) (49:48) (25:43) (49:16) (10:45) (last
entry)
54 L.S. Opaque
™ # 2 3 18:44 (0:03) (0:18) (18:23)
49 Recov.
Opaque TV 4 0:37 (0:03) (0:04) (0:15) (0:15)
52 Recov. Grp.
Displ. Rear 2 0:15 (0:11) (0:04)
68 Meteor.
Opaque TV 1 Undet. Last Entry
57%% Time Summ,
Conv. 1 (0:04)
50%% Recov. Grp.
. Disp. Front 3 (0:04) (0:03) (0:06)
Lokk RSF 10 1 (0:02)
53%% Spare 2 (0:01) (0:02)
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TABLE

2

TV CHANNEL REQUEST ANALYSIS (Life Systems Consoles Cont'd)

Life Systems Console No. 1

No. of | Total
TV Chan. Display Calls Up Time Duration of Calls (Min: Sec.)

47 Remote 1 TV 12 109:50+ (0:05) (9:38) (10:45) (4:16) (4:48) (0:02)
(0:03) (0:04) (0:03) (45:36) (34:30) (last
entry)

48 Remote 2 TV 4 0:16 (0:03) -(0:09) (0:02) (0:02)

51 Remote 3 TV 8 152: 40 (20:53) (16.57) (0:17) (13:18) (8:28) (92:42)
(0:04) (0:01)

49 Recov.

Opaque TV 5 166:03+ (0:05) (0:41) (77:43) (62:54) (24:40) (last
entry)

52 Recov. Grp.

Displ. Rear 6 186:00 (0:17) (24:55) (36:07) (35:15) (0:02) (89:23)

57 Time Summ,

Conv. 4 299:43 (4:19) (0:09) (295:15) (0:01)

68 Meteor.

Opaque TV 2 42:57 (5:08) (37:39)
64 Veh. Sys 1

Opaque TV 3 5:56 (5:53) (0:02) (0:01)
65 Veh. Sys 2

Opaque TV 3 (0:11) (0:04) (0:01)

50 Recov. Grp.

Displ. Front 3 0:36 (0:03) (0:09) (0:24)

58 L.S. Opaque

™ i# 1 3 1:38 (0:17) (1:20) (0:01)
S54%% L.S. Opaque
) ™V # 2 1 (0:01)

Lokk RSF 10 1 (0:06)

53%% 2 (0:03) (0:01)

55%% 1 (0:02)

56%% 1 (0:01)

59%% 1 (0:02)

61%% 1 (0:04)

2% 1 (0:02)

63%*% 2 (0:05) (0:01)

66 2 (0:16) (0:01)

67%% 1 (0:02)
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TABLE

2

TV CHANNEL REQUEST ANALYSIS (Life Systems Consoles Cont'd)

Life Systems Console No, 2

No. of Total
TV Chan. Display Calls Up Time Durations of Calls (Min: Sec.)
Ql%% 1 34:46 (0:02)
02 2 (0:01) (34:45)
03-08%%* for < 0:06
12 D/TV* 5 89:16 (7:21) -(57:33) (5:00) (19:03) (0:19)
20 (Unknown
display
format) 1 3:22 (3:22)
21%% 1 0:14 (0:14)
47 Remote 1 TV 7 40:03+ (0:07) (0:04) (1:33) (11:33) (26.27) (0:02)
(0:17) (last entry)
48 Remote 2 TV 6 3:35 (0:01) (0:08) (0:02) (0:07) (0:01) (3:16)
51 Remote 3 TV 9 F77:25 (11:06) (55:09) (0:17) (6:20) (9:44) (94:39)
(0:02) (0:04) (0:04)
49 Recov. Opaque|
TV 4 61:00+ (0:02) (0:04) (1:42) (59:12) (last entry)
64 Veh, Sys 1
Opaque 2 2:54 (2:52) (0:02)
65 Veh. Sys 2
Opaque 2 0:32 (0:30) (0:02)
68 Meteor.
Opaque TV 4 11:43 (0:05) (0:11) (11:23) (0:04)
LO%% 1
41 %% 1
4L5%% 1
L6%% 1
50%% 1
52-36%% 1
65%% 1
67%% 1
69k 1

* The display formats on the D/TV channels are unknown since there is no readily
available record of what format is on what D/TV channel as a function of time,

%% These channels were called up three or less times with no single call-up dura-

tion greater than 10 seconds.
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From Table 3, Display Format Analysis, the Life Systems
Officer requested only two display formats. One was the TV
Guide and the other display format, briefly viewed, was an
RTCC display. The Life Systems Officer never requested a
Life Systems display format although he may have viewed some
of these formats on the D/TV channels. Apparently channel 12
of the D/TV converter channels contained a display (or displays)
of great interest to this controller.

The Life Systems Console No. 1 operator selected, via
channel requests, the remote television cameras 1 and 3, re-
covery opadque televisor, recovery room rear group display,
time summary converter display, and the meteorology opaque
televisor for most of the time. It should be reiterated that
the total up-time of each display does not necessarily repre-
sent the actual time the operator viewed the display. TFrom the
display format analysis (Table 3) this operator also held dis~
play format No. 0803 (Gemini Physio Meters) on his monitor for
about 223 minutes, format No. 0801 (Physio Sum Hist) for about
10 minutes, and briefly looked at format No. 0803. These three
display formats were the only life systems display formats re-
quested by any of the Life Systems group.

The Life Systems Console No. 2 operator had either the
remote television cameras 1 and 3, recovery opaque televisor,
or D/TV converter channel 12 (the same converter channel pre-
ferred by the Life Systems Officer) available for viewing most
of the mission. From Table 3 one can observe that the Console
No. 2 operator requested many display formats via the MSK dis-
play request mode, preferring the following display formats:

1) 0628 EECOM Display (ECS-COOL TAB) - 313 min,.

2) 0629 EECOM Display (ECS-COOL HIST) - 71 min.

3) 0721 EECOM Display (FC-ELS SUPPLY TAB) - 350 min.
4) 0726 EECOM Display (ECS+FC T/PS)-- 360 min.

A life systems display format was never called up by the
Life Systems Console No 2 operator.

Figure 4 summarizes the total "up'" time and number of

times each display format was called up through the MSK dis-
play format request mode. It indicates that of all dynamic
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display formats requested, only a few (formats 0726, 0721, 0905,
0628, 0803, 0629, and 0729) were "up" for more than 20 minutes
during the entire mission. As one might expect, there is a
definite correlation between the sum of '"up'" times and the

number of times a display format was called. Of the eight
available life systems dynamic displays, three were requested
(0801) 0802, and 0803) by Life Systems Console No. 1 and none
were’ requested by the other two consoles in this functional group.

Conclusions

A more complete analysis, considering the purpose and <on-
tent of each format and including discussions with the Life
Systems personnel, would have to be made before reaching any
firm conclusions about the importance, use, and necessity of
the various Life Systems display formats. There could be
several reasons for lack of use of a dynamic display during
the mission, such as:

(1) the unscheduled termination of GT-8 precluding
the performance of experiements

(2) poor display format

(3) purpose of a display (which could have been
connected with special events that did not
occur)

(4) low probability of need for the data on the
display

The amount of use of a display is not the only criteria
for recommending inclusion or omission of that display. How-
ever, this study indicates which displays should be investigated
in more detail in order to determine if they are candidates for
removal, should it become necessary to reduce the number of dis-
play formats., This may happen, since as the number of dynamic
displays increase, both computer and display systems become taxed.
This may be considered less preferable, of course, than the al-
ternative of procuring additional display and computer system
capacity.
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DISPIAY FORMAT ANALYSIS

Purpose

One objective of this analysis was to determine which
dynamic display formats were called, when, and how often.
Since this is a preliminary analysis, another objective is
to develop procedures to serve as examples of how such data
is acquired and analyzed. This effort also reveals the kinds
of results and possible conclusions that may be achieved in a
more comprehensive analysis.

Procedure
The analysis was accomplished in several steps:

® A DRIP delog printout showing console input actions
during 50 contiguous and equal time intervals covering
the entire mission was axamined, and MSK display for~
mat requests were noted. (DRK display requests were
not included in this analysis because of manpower con-
straints),

® Information as to MSK format number called, calling
console, and time interval was transferred to a 14,700 -
element matrix, described below.

® Summary data was abstracted from the matrix and entered
on summary data sheets; these were used to plot curves
describing the use of display formats by console opera-
tors during GT-8.

® Conclusions of the types that might be drawn in a more
complete analysis were made on format usage, display

system loading, and relative demand for various displays.

Matrix of Format Requests

A section of the format-request matrix is shown in Table 4.
The 50 rows of the matrix represent the 50 twenty-minute time
intervals.
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The itl row (i =1,2,3,---,50) contains data only from the ith
time interval. The 294 columns of the matrix represent the 294
dynamicdlly updated display formats stored in the computer during
the mission. The jih column (j = 1,2,3,----,294) contains only
data concerning the j— format. ©Note that j is only an index
number, and is not the format number, although the latter was
entered at the top of each column.

The actual entries made in the cells of the matrix were
calling~console numbers. Hence, the numbers 52, 53, and 54
appearing in the cell which is in the 4t column and 27ER row
indicate that consoles 52, 53, and 54 each requested the 4th
format (format 0007) durlng the 278 time interval. Actually,
the number "52" appears twice; this indicates two separate calls
for the format by console 52, making a subtotal of four calls
during this interval. This subtotal number of calls was also
entered in the matrix cell; thus the number "4" appears in the
lower right corner of the cell for i = 27, j = 4,

Time did not permit the use of the console numbers in the
analysis, hence only the subtotals were used. Each subtotal
represents the number of calls for a given format during a
given time interval, regardless of whether the calls were all
from the same console or from many consoles. It wmay be of some
interest to note that the mateix, in its physical form, was
made up of 111 ruled sheets of paper, each 16 by 22 inches,
and covered a wall area of 272 square feet.

Results

Two basic types of summary data were obtained from the
matrix subtotals; these are sets of numbers denoted by N; (the num-
ber of different formats requested durln% the ith interval)
and S5 (the number of requests for the j=* format during all
fifty time intervals). The fifty values of Ny, as tabulated
in Table 5, were obtained by horizontally scanning each of
the fifty rows of the matrix T®able 4) and counting the num-
ber of cells in the row for which the subtotals were greater
than zero. A non-zero subtotal in a given cell indicates
that the format in whose column the cell falls was called at
least once. Hence the number of such non-zero subtotals is
the number of different formats requested (at least once)
during the time interval for that row. For example, the third
row contains 14 subtotals which are not zero, hence 14 different
formats were requested during the third time interval, and
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Table 5

VALUES OF Ni

i Nl i Ni i N1 i Nl
1 30 14 | 42 27 42 40 28
2 16 15 38 28 48 41 29
3 14 16 32 29 50 42 23
b 18 17 34 30 29 43 32
5 25 18 39 31 29 44 36
6 18 19 34 32 40 45 17
7 8 20 19 33 31 46 21
8 19 21 | 41 34 28 47 20
9 22 22 32 35 19 48 21
10 § 49 23 39 36 28 49 14
11} 40 24 | 48 37 24 50 15
12 | 39 25 | 41 38 35

13} 37 26 | 42 39 44

Notes: i = Time Interval Number (20 minute intervals)

N, = Number of Different Formats Requested in Time

Interval 1.
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N3 = 14, The actual display formats requested were 0480, 0481,
0482, 0483, 0484, 0485, 0712, 1090, 1110, 1222, 1223, 1240, 1301,
and 1570. It should be noted that some of these formats were
called more than once by the same console, and by more than one
console, hence the number of calls for these 14 formats during
this interval is considerably larger than 14 and this should

be borne in mind when considering the numbers and values quoted
below for Ni data. If time had permitted, it would have been
preferred to modify the simple definition of Nj in several ways.

The 294 values of Sj shown in Table 6, were obtained by
adding the subtotals in each of the 294 columns of Table 4,
Thus S: is the total number of times the jtB format was re-
queste& during the entire mission, (via MSK display format re-
quests only). For example, the sum of the subtotals in the 4th
column of the matrix is 166, hence S4 = 166, indicating this
many MSK calls for the 4th format (format 0007) during GT-8.
The sum of the S; is the total number of MSK display format re-
quests (all formats, all consoles, entire mission); this grand
total number of MSK calls in 3,823. 1If DRK calls had been in-
cluded, the number would have been about 5400, Table 6 lists
the values of Sj versus j and the corresponding format number;
these entries are grouped according to the fifteen functional
categories of display formats. In a complete analysis DRK re-
quests would be included and thus S5; would be a true value of
total display format requests for the entire mission,

Analysis of N; Data

A time history of N; from Table 5, is plotted in Figure 5,
showing the number of different display formats called during
each twenty-minute interval. Although Nj is not directly pro-
portional to the number of calls for displays, it is a rough
indicator of console activity; as such, it indicates low ac~-
tivity near the start and end of the mission, with at least
two significant peaks in between. N3 is probably more sig-
nificant, however, as an indicator of the number of D/TV channels
in use, since, at a given time, the number of different displays
being used is equal to the number of channels in use. Again, N;
in its present form does not give very detailed information as
to channel usage, for several reasons. First, it is computed
over a twenty-minute interval, whereas the number of channels
being used may change many times during twenty minutes. Since
the requests for displays are spread out over the interval, and
do not occur simultaneously, a value for N;i of more than 28 does
not necessarily indicate channel saturation. Furthermore, some
of these requests will be serviced by means of a TV channel
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latchup, in the cases where the requested display is already
being generated in a channel. On the other hand, displays
requested in previous intervals may still be occupying chan-
nels during the interval of interest; this tends to make the
number of channels in use be larger than the number of different
displays requested in the interval of interest. N; becomes a
more valuable indicator as the time interval considered becomes
smaller, Finally, not all display requests are assigned a chan-
nel (under completely saturated conditions); tending to balance
this factor is the fact that DRK ~ requested formats (not in-
cluded in the analysis) result in more channel assignments than
would be estimated from N; alone. On balance, it appears that
N; may serve as a good indicator (provided ome includes DRK
requests, uses a smaller time interval, and includes channel
usage history). From Figure 5 the minimum number of different
formats called during any interval is 8, the maximum number is
50, and the average number is about 30. The distribution
(histogram) for N; is shown in Figure 6. For the histogram
increment chosen, the curve shows that Nj lay between 14 and

43 for 88% of the time; this is obtained by adding the percent
of time intervals (given on one of the vertical scales) for the
five increments lying between 14 and 43,

Analysis of Sj; Data

S:, the number of calls (via MSK display request mode
only) %or a given format during the mission, varied over a
wide range. A few formats had very large values of S, in-
dicating frequent use, while a large number of formats had
small values of Sj, indicating infrequent use. Approximately
31% of the formats were not called (mostly the display formats
assigned to the network controller), even once, during the
mission (83 = 0). Table 6 reveals which formats had any given
number of calls; it shows, for example, that format 0308 had
no calls (839 = 0), format 0461 had 17 calls (S5g = 17), and
format 0017 had 356 calls (Sg = 356). Format 1570, the "TV
Guide", had 55 calls. It should be noted that S; indicates
only how often a display was called, not how long it remained
on a monitor; furthermore, a format called only once may be on
many monitors (via TV channel requests). Intuitively, it would
seem that displays viewed for long periods (large "up'" time)
would have a small number of calls, and vice versa. However,
this was not borne out by the analysis of the Life Systems
consoles described earlier,
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Table 6
Values of Sj’ by Functional Category

i format Sj i format Sj i format Sj
Flight Dynamics Formats: Guidance Formatscont. GNC Formats cont.
1 0004 3 27 0208 7 52 0463 15
2 0005 2 28 0209 1 53 0464 31
3 0006 137 29 0212 3 54 0465 3
4 0007 166 30 0213 27 55 0466 1
5 0008 2 31 0214 36 56 0470 3
6 0009 3 Retrofire Formats 57 0471 0
7 0012 228 32 0301 21 58 0473 1
8 0013 6 33 0302 17 59 0474 0
9 0017 356 34 0303 110 60 0475 0
10 0018 1 35 0304 2 61 0476 0
11 0019 21 36 0305 2 62 0480 17
12 0020 18 37 0306 5 63 0481 21
13 0024 45 38 0307 23 64 0482 8
14 0025 21 39 0308 0 65 0483 9
15 0026 23 40 0309 0 66 0484 9
16 0027 90 41 0310 0 67 0485 7
17 0029 43 42 0311 3 68 0490 0
18 0031 12 43 0312 8 69 0491 0
19 0032 28 A 0315 0 70 0492 0
Guidance Formats 45 0317 13 71 0493 0
20 0200 3 GNC Formats 72 0494 0
21 0201 5 46 0400 7 73 0495 0
22 0202 3 47 0401 1 74 0500 3
23 0203 2 48 0402 1 75 0501 5
24 0204 1 49 0460 32 76 0502 1
25 0205 31 50 0461 17 77 0503 b4
26 0206 A 51 0462 7 78 0504 3
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Table 6 cont.
Values of Sj’ by Functional Category

i format Sj j format Sj J format Sj
GNC Formats cont. EECOM Formats cont. EECOM Formats cont.
79 0551 3 105 0703 2 | 132 0743 0
80 0552 4 106 0704 2 133 0744 3
81 0557 1 107 0705 2 134 0745 0
82 0560 18 108 0706 4 135 0746 0
83 0561 16 109 0707 16 136 0773 0
84 0562 1 110 0708 5 Life Systems Formats
85 0563 3 111 0709 1 137 0800 1
86 0564 3 112 0711 3 138 0801 2
87 0570 4] 113 0712 22 139 0802 2
88 0571 0 114 0713 3 140 0863 6
EECOM. Formats 115 0716 2 41 0807 0
89 0602 3 116 0717 3 142 0808 0
90 0603 2 117 0718 2 143 0809 1
91 0604 2 118 0719 2 144 0810 1
92 0605 1 119 0721 31 Spacecraft Communicator
93 0606 0 120 0722 5 Formats

9% 0607 1 121 0723 3 145 0902 49
95 0609 1 122 0726 24 146 0903 6
96 0622 1 123 0727 2 147 0904 33
97 0626 2 124 0728 2 148 0905 105
98 0627 1 125 0729 3 149 0906 26
99 0628 16 126 0734 1 150 0908 4
100 0629 2 127 0735 0 151 0909 12
101 0630 1 128 0736 o {152 o910 18
102 0700 4 129 0737 3 |

103 0701 4 130 0738 0

104 0762 4 131 0739 0
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Table 6 cont.
Values of Sj’ by Functional Category

i format Sj j format Sj i format Sj
AGENA Systems Formats AGENA Systems Formats 2 Eropulsion Formats
153 1000 55 180 1067 0 205 1200 30
154 1001 11 181 1068 0 206 1201 4
155 1002 6 182 1069 0 207 1202 0
156 1003 14 183 1070 0 208 1203 9
157 1004 28 184 1071 0 209 1204 3
158 1005 15 185 1072 5 210 1205 2
159 1006 16 186 1077 1 211 1211 0
160 1007 8 187 1078 0 212 1212 1
161 1008 6 188 1079 0 213 1213 1
162 1012 0 189 1080 1 214 1215 0
163 1050 33 190 1081 15 215 1216 0
164 1051 14 191 1082 9 216 1222 33
165 1052 1 192 1083 0 217 1223 18
166 1053 0 193 1089 11 ELS_& Rendezvous
167 1054 0 194 1090 18 Formats

168 1055 0 195 1091 5 218 1230 38
169 1056 13 Guidance & Control 219 1231 18
170 1057 4 Formats 220 1232 12
171 1058 1 1 196 1100 44 221 1233 19
172 1059 0 197 1101 4 222 1234 5
173 1060 10 198 1102 1 223 1235

174 1061 0 199 1103 15 224 1236 2
175 1062 1 200 1104 5 225 1240 26
176 1063 1 201 1105 1 226 1241 7
177 1064 0 202 1106 3 .0

178 1065 0 203 1107 2

179 1066 2 204 1110 16
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Values of Sj’ by Functional Category

Table 6 cont.

j format Sj h| format Sj
Booster Systems Formats Network Operations
297 1300 12 Formats cont.
228 1301 10 251 1530 0
229 1303 5 252 1531 0
Recovery & Weather Formats | 253 1532 0
230 1450 26 254 1533 0
Network Operations Formats 255 1534 0
231 1480 0 256 1535 0
232 1481 0 257 1536 0
233 1482 0 258 1544 =0
234 1483 0 259 1545 0
235 1484 1 260 1546 0
236 1485 0 261 1547 0
237 1516 0 262 1548 0
238 1517 1 263 1549 0
239 1518 0 264 1550 0
240 1519 0 265 1551 0
241 1520 0 266 1552 0
242 1521 0 267 1555 0
243 1522 0 268 1556 0
244 1523 0 269 1557 0
245 1524 .. 18 270 1558 0
246 1525 0 1271 1559 0
247 1526 0 272 1560 0
248 1527 0 273 1561 0
249 1528 0 274 1562 0
250 1529 0

44

j

RTCC Formats

format

275
276
277
278
279
280

281
282
283
284
285
286
287
288
289
290
291
292
293
29

1570
1572
1573
1574
1575
1576

1579
1580
1581
1582
1583
1584
1585
1593
1594
1595
1596
1598
1599
1600

S,
]

55
84

69
11

42
31

222
210

12

35
41



A detailed picture of how S. varied over the various for-
mats is given by Figure 7. Curve A is a distribution of Si
(histogram), showing the number of formats (and percentage of all
formats) which had values of S5 in certain ranges. TFor example,
it shows that 271 formats (or 92% of all formats) had an S;
between 0 and 34, inclusive; i.e., their number of calls varied
between 0 and 34. Thus only 8% of the formats were called more
than 34 times. A more detailed picture is given by Curve B, which
covers only values of S: up to 20, but which employs a unit in-
crement for S3. Because of this, Curve B shows exactly how many
formats (also expressed as a percentage of total formats) were
called O times, 1 time, 2 times, etc. The average number of
calls per format, over all formats, is 13 (dashed line on Curve
A). "“Cuyve R indicates that 90 formats were never called, 33
were called once, 25 were called twice, etc. The curves Fall
off rapidly with increasing Sj; for values of S3 above 18 there
are never more than 4 formats having one of the observed values
of S.: and above 55 never more than 1 format having one of these
observed values,

If the number of calls per format, S; is multiplied by the
number of formats having that sawme value of Ss, the result is
total number of MSK calls (for all formats having S j calls)
during the mission. This quantity is plotted versus S; in
Figure 8. The resultisa scatter disgram of points, which
shows, for example, that there were 99 calls for formats which
were called exactly 33 times each during the mission (solid
point), i.e., there were 3 such formats. The largest number of
calls was 356; these were for a single format (format 0017).
The smallest number of calls was 19, again, these were for a
single format (format 1233). If there were only one format
having any given value of S;, the points would all fall on a
straight line having unit slope. There are many such points;
these are connected by a dashed line to form a lower boundary
for the set of points. The fact that all points above Ss; = 55
fall on this boundary simply illustrates the last phrase of the
preceding paragraph. The larger the slope of a line from the
origin to a given point, the larger the number of formats having
that value of S;. The largest such slope is for the first point
(5: = 1),Here the curve shows that there are 33 calls for for-
mats called only once. Thus there are 33 such formats, which
agrees with Figure 7.
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Analysis by Functional Groups of Displays

When the various display formats are considered in terms
of functional groupings (see Table 6 ), some interesting com-
parisons may be made among the fifteen groups of displays.
Figure 9 shows the extent to which the available displays in
each group were used (at least once), expressed as a percent
usage (not including DRK requests)., This was calculated for
each group by dividing the number of displays used (at least
once), by the number available in that group. As can be seen,
7 of the groups were used 100%, i.e., every display in these
groups was called. The usage diminishes to about 63% as the
next 7 groups are considered, and is only 4.5% for the last
group (Network Operations). In the latter group, 42 of the
44 displays available were never called. From the curve,
(Figure 9), the groups of displays fall into three fairly
distinct sets: 8 groups (Flight Dynamics through RTCC) ex~
perienced usage equalling or approaching 100%, 6 groups (Life
Systems through AGENA Systems) experienced usage averaging
about 70%, and 1 group (Network Operations) had very low usage,
approaching 0%. The overall utilization (all groups) is 69%,
i.e., 69% of the 294 formats were called at least once. If
the first call for a format is assumed to be for checking pur-
poses, this utilization factor drops to '58% of the formats which were
called for “operational™ use (called at least twice).

Within each functional group, the displays experienced
various numbers of calls, ranging from zero upwards. There are :
also various numbers of displays in each group, as can be seen
in Table 6. One measure of activity of displays in various
groups is the average (over all formats) number of calls per
format. This is plotted for each group in Figure 10. The group
having highest average format activity here is Flight Dynamics;
this group also had 100% usage, from Figure 9. The group with
lowest average activity is Network Operations; this group also
had the lowest percent usage from Figure 9. There is fairly
high correlation between the rank-order of a group in Figure 10
and its rank-order in Figure 9, i.e., high percent usage tends
to be associated with a large number of calls/format, and vice
versa., The calls/format curve in Figure 10, however, does not
exhibit the 3 distinct ranges of values found in Figure 9; in-
stead, it is a fairly smooth curve which is approximately nega-
tive - exponential in shape.
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The average number of calls per format over all groups is
3823/294 = 13 calls/format, as indicated earlier on Figure 7.
This average value, as well as the values for individual groups
of formats, tends to be low because of the inclusion of formats
having zero calls, If these are excluded, the values of Figure
10 are quite different in some cases, since the quantity being
calculated is now the average number of calls per format for
those formats which were used. For example, the format activity
for EECOM displays goes up to 49 calls/format, from the 4 of
Figure 10, and for GNC displays, the activity goes from 6 to
82. The overall average number of calls per format rises from
13 to almost 19 if formats having S; = O are excluded. This
effect is illustrated in Table 7, where the rounded calls/for-
mat are given for both inclusion of unused displays (i.e., the
ordinates for Figure 10) and exclusion of unused displays.

Table 7

Average Number of Calls per Format When Excluding Formats Never Called

GROUP CALLS PER FORMAT GROUP CALLS PER FORMAT
(incl. Sj=0)(excl. Sj =0) (incl. Sj =0) (excl. Sj=0)
Flight Dy~ 63 63 Spacecraft 32 32
namics Communicator
Guidance 14 14 AGENA Sys. 7 11
G &C 10 10
Retrofire 15 20 Propulsion 8 11
ELS & R. 14 14
GNC 6 82 Booster Sys. 9 9 )
Recov. & Weather 26 26
EECOM 4 49 Network Ops. 0 1
| RTCC 43 45
Life Systems 2 2

51




Analysis of !'Clear' Requests and Errors

Further information concerning the dialing of MSK display
requests (not tabulated in Table 6 ) was obtained by counting
the number of "clear monitor" requests, i.e., the number of
calls for "format" 0000. During the entire mission, there
were 177 such requests. Also, a number of requested "formats"
appearing on the DRIP printout turned out not to be legally -
assigned format numbers; these are either machine errors or
else represent human errors in dialing up displays (e.g.,
dialing 0011 instead of 1100). Assuming that all of them fall
in the latter category, there were 147 such "mistakes" in
dialing. Thus, the total number of MSK - dialed requests,
using the display-request mode was 4147%, i.e., the sum of
3,823 valid display requests, 177 '"clear monitor" requests,
and 147 invalid display requests. These categories represent,
respectively, about 92%, 4%, and 4% of the total number of re-
quests,

Limitations on Conclusions

Conclusions drawn from this display format analysis are
limited to some extent in their validity by the following
factors, some of which have already.been mentioned.

® Information of a temporal nature (exact time of
request, "up" time or duration of a display, etec.)
was used only to the extent of considering very
gross time intervals, i.e., twenty minutes. This
introduces an averaging effect which obscures the
rapid changes that sometimes take place in the
state of the display system. Such an interval is
sufficiently short, however, to exhibit the long-
term variations which take place during the mission.

& Only MSK display requests were analyzed; DRK re-
quests were not included. The numbers and values
quoted in the analysis are not to be considered

as completely characterizing GT-8 display request activity.

#The equivalent number obtained in the module activity study was
4180; considering that these were obtained by different proced=-
dres and different people via manual reduction of a large amount
of data, the two numbers agree to a remarkable extent (within

about 1%).
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They are presented to indicate the nature of the procedures
for data acquisition and handling and to show the kinds of
conclusions that will be possible if these procedures are
used in a more comprehensive study effort.

To the extent that a display request is not necessarily
identical with a D/TV channel assignment, analysis of re-
quests is not the same thing as analysis of channel assign-
ments. The presence of multiple requests for the same dis-
play, as well as the generation of displays in some channels
as a result of prior requests, means that the number of re-
quests for different formats in a given interval is not
equal to the number of channel assignments made during that
interval, much less to the number of channels in use at any
particular instant. Nevertheless, there is a rough cor-
relation between these quantities, which gives some in-
dication of demand for channels.

These sample conclusions apply, strictly - speaking, only
to the GT-8 mission. They can be extrapolated to other
missions only to the extent that such missions are similar
to GIT-8 in complexity, mission phasing, and nature of dis-
.‘plays used.

The information content and arrangement of the different
display formats was not considered, and hence no conclusions
can be drawn as to the types of displays which can be ex-
pected to have low (or high) usage. For example, certain
types of data may never have been needed because of the un-
expectedly early termination of the mission; this might
explain the absence of calls for some of the displays. The
relatively-low demand for other displays might have been
due to redundancy in data content, i.e., 1f two or more
displays contain the same given piece of data, then, as far
as access to that datum is concerned, one would expect re-
quests to be divided among the displays, thus lowering the
demand for each.

No information as to which displays were designed for use
only during one or a few mission phases was avagilable, and
all displays were treated the same on this basis.
Information relative to which console called which displays
was not abstracted from the matrix.,

The fact that many displays were called only once, and viewed
only for a short time, indicates that these displays were not
being used in the normal manner. Since such calls were in-
cluded in the analysis, they tend to distort any conclusions
as to the relative usefulness of various formats. At the
same time, their inclusion makes more valid any conclusions
as to hardware/software loading in the system.
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Conclusions

Subject to the foregoing limitations, and based on the previously
presented curves and data, the following types of statements seem
reasonable;

. The average value of N, (about 30 different formats re-
quested in one twenty-minute interval) does not seem to
be cause for alarm, as far as channel saturation is con-
cerned. The occasional short-duration peaks in the time
history of N, indicate occasional channel saturation, thus
supporting the conclusions of the channel saturation analysis.

® The very large variation in'S3; over the various display
formats (ranging from zero calls to 356 calls) suggests
the possibility of decreasing the computer core memory
capacity required to store and process displays, and hence
of decreasing equipment costs. This could be done by
making the less-frequently used displays less readily
available, in some sense. In the extreme, those formats
which can reasonably be predicted to have very small or
zero usage could be considered candidates for removal from
the system entirely, thus freeing CPU and core storage
capacity. A more reasonable approach might be to store
such displays on disk or drum, which is less expensive than
core; the resultant savings in cost might more than com-
pensate for the increased response time for this class of
seldom - called displays.

® The number of mistakes made in dialing displays via MSK's
is not large, on a percentage basis, and does not con-
tribute significantly to CPU time in the computer.

° The relatively small number of 'clear monitor' requests
(an average of roughly 3 per console during the 15-hour
mission) indicates that some displays possibly are being
left on the monitor screens after they cease to be of
value to a flight controller. This tends to shorten the
life of the charactron tubes used for generating the
displays, which leads to increased failure rate and higher
maintenance costs. The precise extent to which this
situation may exist cannot be determined from the data used
in this analysis.

e There was not a highly significant difference among
functional groups of displays insofar as usage is concerned;
the percentage of available displays called at least once
varied over a range of 100% to 63% if the one very low
group (Network Operations) is excluded. This would in-
dicate that the percentage of low-probability-of-use
displays is not too greatly different from one group to
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another, i.e., that the design philosophy used in de-

signing the various groups is very roughly the same.

The average number of calls per format varies over a wide
range for the various functional groups of formats. The

same comments apply here as apply to the wide range of
variation in S, itself. However, a remedy for low

activity formats is potentially available within each
functional group (this remedy is probably not available for
the formats as a whole). If one assumes that the infor-
mation carried within the displays of a functional group

is by and large, not duplicated in any other functional
group, than any major redundancies in displayed data must
occur within groups and not across groups. In the case

where such redundancies (duplicated data) occur in low -
density displays, the redundancies may be eliminated by
combining one or more displays into a single format. This

is more feasible, from display design and display intelligibility
viewpoints, when done within a functional group instead of g~
cwss functional groups. It would have the effect of re-
ducing the number of formats and increasing the average
activity of the formats, i.e., one would not expect as great
a variation in format activity. It should also result in re-
ducing storage and update requirements on the computer (to the
extent that redundant data is eliminated) as well as in-
creasing the utilization of the core buffers in the D/TV
channels. Last, but not least, it should tend to reduce the
demand for D/TV channels, since a single channel could then
be handling the data formerly requiring two or more channels.
The time variation of display system parameters such as N,

is irregular and unpredictable, at least for the shorter-term
fluctuations. This apparently random variation implies that
such factors as channel demand may best be treated as random
variables, i.e., it implies a statistical approach to the
-analysis and prediction of display system behavior.
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TOTAL CONSOLE MODULE ACTIVITY ANALYSIS

Purpose

The purpose for analyzing total console module activity (i.e.,
the number and types of pushbutton actions by operators) was to re-
veal the nature and variation of D/C system activity during the GT-8
mission, as well as to form a basis for examining a number of mis-
sions, to determine load trends on the display system. Included is
the objective of determining the relative usage of manual select key-
boards and display request keyboards and of determining preference
between the two display-access modes (i.e., display request mode and
TV channel request mode) .

Procedure

Module activity data was obtained through the use of the Philco
DRIP program. The result was a computer printout containing over
27,000 lines for the GT-8 mission, and covering slightly under 17
hours (this includes about 2 hours of pre-mission and post-mission
time) .

This computer printout was reduced manually to a summary tabu-
lation of operator input actions.

Results

The summary tabulation of input actions for 50 time intervals of
20 minutes each is presented in Table 8

The actual number of actions of each type is entered for each
period, with the various types of MSK inputs (format requests, chan-
nel requests, and total requests) grouped for comparison. The appro-
priate actions are summed horizontally for each interval to obtain
total display format requests, total actions, and (by the use of
conversion factors) total words of computer input; these quantities
appear in the last three columns. All columns are summed at the end
of the table to give grand totals (over the entire mission) in each
category. The grand totals for actions of each type is also expressed
as a percent of all pushbutton actions.

The table reveals that the forced display keyboard (FDK), phase
control keyboard (PCK), event sequence override (ESO), and summary
message enable keyboard (SMEK) contribute only 2.53 percent of all
actions, and that most of these actions occurred during the first 20
time intervals (which mainly cover the launch periods). FDK actions
account for most of the 2.53 percent, and subsequent investigations
of the printouts reveal that these FDK tabulations probably do not
represent a true count of operator actions. The printouts indicate
that the same FDK actions occur many times within a matter of seconds.
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Figure 11. Total Console Module Activity For GT-8
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Our interpretation is that controllers tend to keep the FDK acknowledge
button (which is blinking) depressed from one to several seconds. The
CIM loading study,page 68, indicates that the CIM is being used to
less than two percent of capacity on a time-averaged basis and is almost
always ready to transmit requests to the RTCC. This low load factor,
and the fast scanning characteristic of the CIM mean that transmissions
of FDK acknowledges from the same scan position can occur within milli-
seconds of eachcother. Thus if an operator depressed the FDK button
for one second this could result in the RTCC receiving several of the
same FDK acknowledgements, which appears to be the case. However, the
relatively small number of FDK, SMEK, EY , and PCK actions compared
with other keyboard actions do not seriously affect the interpretations
of this data (although as far as the RTCC and CIM are concerned these
FDK actions do occur and must be serviced).

Table 8allows a comparison of the MSK and DRK actions, and Figure
11 graphically shows the nature of these actions over the fifty time
intervals., It is apparent that the bulk of the module activity occurs
through the MSK (91.5 percent of all console pushbutton actions). This
is to be expected, since there are approximately 62 MSK modules compared
to 6 DRK, 2 PCK, 10 ¥DK, 2 SMEK, and &4LES0. moduteés..

Conclusions

The significant facts illustrated are that

(1) the MSK TV channel mode (which represents relatively little
load upon:.the RTCC) is used most (76.0 percent of all push-
button requests, or a total of 20,563 requests for the entire
GT-8 mission).

(2) the MSK display format request mode is used for only 72.5
percent of the display format requests, or only about three
times as much as the DRK is used, even though there are
roughly ten times as many MSK modules as there are DRK modules.

(3) modules other than DRK and MSK place little demand on the
display system.

A total console module activity analysis performed for several
missions can serve the dual purpose of allowing comparisons of module
activity within the various phases of a given mission, and also com-
parisons between different missions. It can also serve to determine
the effect of increasing or decreasing the numbers and types of modules
on the total console module activity for a mission. This should offer
an insight into the effects of servicing multiple missions or of adding .
more consoles and controllers.
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This type of study now requires a tedious manual effort to tabulate
the data, butthis can be improved by automating the procedure via
computer programs. Another improvement in this analysis could be: made
by examining console activities within smaller time intervals. These
improvements seem justified since this total console activity study,
combined with a detailed study of activity on individual consoles,
should provide one with most of the necessary data for a tractable
model of the display system. By analyzing several missions, trend
factors might be discerned which would allow judgments to be made on
adequacy of equipment design and performance for future missions.
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MSK VERSUS DRK USAGE ANALYSIS

Purpose

This analysis was a comparison of the use of display request
keyboards (DRK) and manual selection keyboards (MSK) on those consoles
containing both modules. The analysis was done to determine console
operator preference between these devices for calling up display for-
mats, as well as the effect of having a DRK on D/TV converter channel
requests. This console operator preference, in conjunction with an
increase or decrease in number of modules, could act to seriously
affect the amount of D/TV channel saturation.

Procedure

Five of the six consoles containing both MSK and DRK modules were
analyzed through the use of DRIP printouts. The nature of this delog
program limits to four the number of consoles about which data can be
obtained in a single pass of the mission log tapes. For GT-8, this
meant over two hours of computer time to obtain this data. Data on
a fifth console was obtained from another study and it was not felt
that the additional computer time required was justified for obtaining
data on one more console.

The consoles analyzed were:

(1) Console 7 EECOM (Systems Engineer No. 1)

(2) Console 9 Agena Systems Engineer

(3) Console 11 Flight Dynamics Officer

(4) Console 13 Retro Officer

(5) Console 45A RTCC Telemetry Processor Controller

The GNC (Systems Engineer No. 2), console 8, contains a DRK but
was not included in this analysis. The data was obtained by counting
the number of dynamic display formats requested via the DRK, the
number requested via the MSK, and the number of TV channel requests
via the MSK. This count was made for each of the five consoles for
the entire GT-8 mission.

Results

Figure 12 shows operator actions on DRK and MSK modules for five
consoles containing both types of modules. 1In all five consoles,
the DRK module was used most in calling up display formats. The
DRK was used exclusively for requesting display formats in the case
of EECOM, and almost exclusively in the case of the Flight Dynamics
Officer. It is interesting to note that total activity for console
45A far exceeded the level of activity for any of the other four
consoles; one reason for this seems to be a large amount of searching
or rapid sequential pushing of display request buttons on the part
of the operator. However, it should be noted that certain functions
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call for the rapid monitoring and checking of displays, i.e., the

RTCC Telemetry Processor Controller, who has the function of monitoring
computer~generated telemetry displays for consistency with input data,
and consistency between MOC and DSC. He also monitors telemetry input
data for missing data and validity. These functions may account for
his rapid selection of display requests. Throughout these entire
usage analyses a great deal of this type of request activity was
noticed. This condition is characterized by multiple requests of
displays for the same TV monitor within seconds. It was not un-
common to have on the order of a dozen requests, within 15 seconds,
for displays to appear on the same TV monitor.

Conclusions

In general, many console operators are apparently searching through
the entire repertoire of displays and TV channels at various times
during the mission. A detailed investigation and analysis of operatiomnal
procedures and operator functions could usefully extend the present
analysis.

The relative activity of MSK and DRK modules located on the same
console is apparent from the graph of Figure 12. Operators who have
both modules show a significant preference for the DRK over the MSK
module. It is interesting to note that in the total console module
activity analysis (page 57 ) the overwhelming use of the MSK is
devoted to calling up TV channels. This type of request mode has no
affect on the D/TV converter channel load. But when an operator re-
quests a display via the DRK or the display request mode of the MSK,
the RTCC will assign the display, if it is not currently available
on a channel, to a converter channel, if one is available. Thus
display format requests have the effect of loading the display system
by using up the limited number of converter channels. For the consoles
analyzed in this study, the number of TV channel requests is small
compared to the number of display format requests, whereas for all
consoles, the number of TV channel requests exceeds the number of
display format requests. Furthermore, possessors of DRK's make
more display requests than other operators; from the total console
module activity study the DRK's (which represent only about 107% of
the modules capable of making such requests) are responsible for
over 27 percent of such requests. One can conclude that any signifi-
cant increase in the number of DRK modules would tend to increase
the usage level of the D/TV converter channels and thereby increase
the likelihood of saturation.
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COMPUTER INPUT MULTIPLEXER LOADING ANALYSIS

Purpose
The purpose of this analysis was to determine the average CIM

loading (i.e., CIM usage as a percent of total CIM capacity) for
GT-8 and to establish a technique of analysis that can be applied

to other missions. Additionally, it was hoped the results of such

a study would be useful in suggesting means of evaluating a proposal
that has been made to use some of the CIM scanning positions for the
Communications, Command, and Telemetry System (CCATS)

Procedure

All input requests from the consoles are funneled to the com-
puter through the Computer Input Multiplexer (CIM). The CIM is a
high speed sequential scanning device containing 128 fundamental
scan positions, each consisting of 8 fine scan positions, for a
total of 1024 scan positions. The CIM scans at a rate of 40 micro-
seconds per scan position. When a scan position contains a dis-
play request input, the CIM locks Onto that position until it can
transmit the request (in 36-bit serial words) to the RTCC, and then
proceeds to the next sequential scan position. The maximum trans-
mission rate to the RICC is 2500 bps. There are currently about 70
fundamental scan positions assigned.

The procedure for obtaining the loading data was to tabulate
the total number of input words to the CIM for each of fifty 20-
minute time intervals. This data was derived from the same com-
puter printouts used in the total console module activity analysis
(Page 57). The number of words was then divided by 20 to give an
average rate, in words per minute, for each interval. These were
compared to the maximum such average rate which the CIM can handle
(4167 words per minute, at the present computer input rate).

Results

Figure 13 shows CIM output rate characteristics for the entire
GT-8 mission, in terms of average output rate in words per minute
for each of the fifty 20-minute time intervals. Figure 13 is almost
an exact replica of Figure 11 in the Total Console Module Activity
Analysis; one can thus correlate the number of console input re-
quests with percentage of CIM loading. As an example, 1,000 total
module requests (time interval 8 on Figure 11) represent an average
rate of slightly less than 53 words per minute (interval 8 on Figure
13) , or approximately 1.3 percent of maximum CIM capacity.

Figure 14 is a distribution (histogram) of the fifty observed
CIM rates (expressed as a percentage of the maximum CIM rate).
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This distribution shows, for any of the given ranges of rates, the
number of time intervals for which a rate in that range occurred
(also expressed as a percentage of the total number of time inter-
vals). The curve has a peak at the long-term average rate (calcu-~
lated to be about 0.650 percent of total capacity).

The results clearly indicate that average CIM loading is very
low. The maximum loading during any one 20-minute interval was
1.27 percent of maximum capacity or 53.0 words per minute, and the
long-term average transmission rate was 27.3 words per minute com-
pared to the maximum possible rate of 4167 words per minute.

Conclusions

The significance of the very low loading is that the CIM is
essentially ready to transmit most of the time. This cannot be
translated directly into a statement concerning the time delay
suffered by a given request as it passes through the CIM, but the
design characteristics of the CIM are clear and simple enough to
permit theoretical calculation of time delays under worst case
conditions (as done in section III). The largest number of words
transmitted in any twenty~minute interval was 1060. If these had
been the result of very closely-bunched input requests, a con-
gestion situation would exist which could have caused a total CIM
delay of up to 1.5 seconds for a given request. However, this
would require that all 1060 requests be generated within roughly
15 seconds, a near-impossible situation for console requests.

The number of data samples used in this analysis is probably
large enough to allow extrapolation of results to cases where addi-
tional scan positions are used, as long as these are used for the
same type of inputs (mainly display requests) as at present. Thus
one could expect that doubling the number of utilized scan posi-
tions, as a result of doubling the number of consoles, would double
the average CIM rates; this would still leave the CIM essentially
idle most of the time. The proposed use of 32 additional fundamental
scan positions (or 256 fine scan positions) for CCATS is difficult
to handle on this extrapolation basis, since the CCATS inputs may
differ markedly (in terms of rate of occurrence) from console
module inputs. One can only say that if the additional inputs are
similar in nature to console inputs, the average CIM loading will
increase from 0.65 percent to 2.4%;again, this gives little indi-
cation of expected time delays since the exact nature of receipt of
CCAT inputs is not known at this time by the D/C analysts.
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DIGITAL/TV CONVERTER CHANNEL OUTAGE STATISTICS

Purpose

A necessary part of any complete analysis of the display system
is an analysis of equipment outage statistics for the converter
channels. This follows from the fact that effective saturation of
these channels can be caused by two factors: 1) The heavy use of
these channels for servicing display requests, and 2) the physical
unavailability. of channels due to malfunction and failure. The ob-
jective of this study was to reveal the extent to which malfunctions
contribute to channel saturation, and to obtain some idea of the
availability of this part of the system during GT-8.

Procedure

The data needed for this analysis was available from the same
DRIP printout used for the other usage analyses! namely, a time
history of the equipment status words (ESW) entered into the RICC.
These ESW's show all changes in converter channel status (i.e., from
operable to inoperable, and vice versa); these changes are identi-
fied as to channel and time of occurrence. From this data, informa-
tion was extracted as to number and durations of outages and their
distribution over the 28 channels, as well as to percent channel
availability during the mission.

Results

The outage data as presented in Table 9 indicates that channel
outages were limited to a few channels and were mostly of relatively
short time duration. As can be seen, there is a high correlation
between number of outages and total outage time (total "down" time)
for a given channel. The worst chammnel, from both standpoints, was
channel 18; this channel experienced 8 outages and had a total outage
time of 27 minutes, 13 seconds (these outages may not be necessarily

"due to equipment malfunctions). However, even this worst channel
was available for use during approximately 99% of the observation
time. Some idea of the availability of this part of the system can
be obtained from the table (duration of various conditions in terms
of number of outages simultaneously occurring). From these figures
it can be seen that there were no outages for 92.3% of the mission
duration. There were never more than two channels out at the same
time.

Conclusions

It appears that there were no serious difficulties in keeping
the converter channels in operation. The outages do not noticeably
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Table 9

Digital/TV Channel Outage Statistics (ESW)

Duration Duration
of As 7 of
Condition Mission
(a) Condition O (no outages) 13 hr.,55'13 92.3 %
(b) Condition 1 (1 outage) 1 hr., 4'43 7.2 %
(¢) Condition 2 (2 outages) 0'21 0.5 %
: 100.0 %
66% of the outages are less than 1 minute duration
‘17% of the outages lie between 1 and 5 minutes duration
17% of the outages lie between 5 and 12 minutes duration
Ch
Nu;EZil ALl
18 01 11 05 14 07 17 02 21 15  Other
0' 3 0' 3 0'"1 0'10 0'13 0'28 0'14 0' 7 0' 5 0f 1 0'0
0' 9 0'35 0'11 0'14 0's1 0'28 0'14 0' 7 0'>5 0' 1
: 0'15 0'36 0'43 3'6 1'04
Durations J 0'32 1t 4 1'33 3'30
1 1 1
OUth 0,46 3,18 é72g Numbers below the lines are total
ges 5" 1 927 6'48 . £ ey hannels
8148 10'52 outage times for various cha
11'39 25'55
27'13
Number of
Outages 8 7 5 3 2 1 1 1 1 1 0
Total
Outage
Time 27'13  25'55 6'48 3'30 1'04 0'28 0'14 o' 7 0! 5 0' 1 0

(Total outage time over all channels = 65'25 or 65.42 channel-minutes)
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affect the data or statistics of the other usage analyses and no
further analysis of outages seems warranted for other missions,
(except for one more mission to ensure that data for GT-8 was not
an anomaly), unless equipment reliability decreases significantly
(a condition which would be readily noticed during operations). The
major conclusion is that the D/TV Converter is about 100% available
for almost 1007 of the time, and hence that channel saturation is
caused almost entirely (when it occurs) by large demand on the sys-
tem from console operators. Thus the remedy for the occasional
channel saturation which occurs (if a remedy is needed) is simply
to add more converter channels, rather than to try.to increase the
reliability of individual channels. This conclusion must be quali-
fied by the fact that the data used were for a relatively short
mission, and conceivably could have been different if based on
failures during a long mission.
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OTHER USAGE ANALYSES CONSIDERED

In addition to the foregoing analyses, several other studies
were considered but, for various reasons, were not attempted. Brief
descriptions of these appear below.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Breakout by comsole of such data as number of different types
of input actions and when they occurred, which display formats
were retrieved and by what types of request actiomns, "up" time
(on that console's monitor screens) of each format viewed,
etc. A limited amount of console - specific information was
derived in the DRK vs MSK analysis and in the analysis of

the three Life Systems Consoles.

Analysis of FDK use. This would include time histories of
FDK out-of-limit alerts and operator responses thereto, as
well as ratio of responses to alerts.

Comparison of the functional group to which a console belongs
with the functional group(s) to which the displays viewed

at that console belong. This requires some feasible pro-
cedure for determining which displays were on which TV
channels at which times, and would use data of the type
described in (1).

Determination of interarrival-time statistics for display
format and TV channel requests, again using data of the type
described in (1). This would include a comparison of these
statistics from console to console, as well as specification
of the aggregate statistics for all consoles.

Tabulation, by display formats, of the number of console
monitors displaying that format, as a function of time.

This would yield, among other things, the total monitor-hours
for each format.

RTCC delay in processing a display request. By comparing
the time of input of each request to the time of output
response, the statistics of the RTCC processing delays could
be determined.

Time history and statistics of the number of D/TV channels
in use, obtained from RTCC output data.
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(8) Input word rates for the DDDSDD, as a function of time,

obtained from the logged RTCC output data.

This might

also include an analysis of "on" time, duty cycle, etc., for
various digital display lamps (event lights, etc.).

(9) Console output activity; i.e., the number
outputs to each console, as a function of
analysis of such data should disclose the
mation load being applied to each console

Some of the above analyses are recommended for
in the final section of this volume.
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SECTION V
SUMMARY OF CONCLUSIONS
SPECIFIC CONCLUSIONS
Based on the detailed conclusions given in SECTION IV and the
CIM delay calculations in SECTION III, the following specific con-

clusions, in several categories, can be stated.

System Loading, Saturation, and Availability

(1) The Computer Input Multiplexer (CIM) was very lightly loaded,
on an average basis, during GT-8 (at a maximum of 1.3% and
an average of 0.6% of the CIM capacity). The average loading
caused by the proposed addition of scan positions for CCATS
can be absorbed readily, provided the loading characteristics
of the CCATS inputs are similar to display request loading
characteristics.,

(2) Malfunctions of D/TV Converter channels were insignificant
during GT-8, resulting in almost 100% hardware availability
of this part of the display system.

(3) There was no conclusive evidence that saturation of the
D/TV Converter during GT-8 (due to demands for displays by
console operators) reached levels which would cause concern.

Module Activity

(1) The greatest percent of display-retrieval actions by console
operators was accomplished via a request mode which pro-
duces relatively light loading on the system (TV channel-Re-
quest Mode).

(2) Of the six types of modules used by console operators to
make input requests via the CIM, two (MSK and DRK) accounted
for 97 percent of all requests during GT-8; hence these two
types are of most interest from the standpoint of demand on
the display system.

(3) Console operators, if they have a choice, prefer DRK's over
MSK's for making display format requests. In addition,
those DRK's installed for GT-8 accounted for a disproportion-
ately large number of format requests. Hence the installation
of more DRK's, as opposed to MSK's, will place relatively
more load on the display system and increase the chances of
saturation. '

(4) The study of console module activity, on a time-of-occurrence
basis, allows the projection and extrapolation of system
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loads as a function of numbers of modules added to, or
deleted from, the system. It can also provide the demand
statistics necessary for predicting system delays in res-
ponding to operator requests.

Display Format Usage

(1) There was some evidence, in GT-8, of possible anomalies in
display format usage, although this conclusion is based on
limited data. These include, as examples, a . large variation
in the number of times each display format was called (both
over all formats and over functional  groups .of formats),.
and indications in one study that the Life Systems functional
group of consoles utilized very few displays belonging to
that group while utilizing many more displays from other
functional groups. 1If these anomalies are found to be
typical through further study, this could indicate that
reductions in display formats are possible by deleting some
and/or combining other formats.

Time Delay

(1) The display system’s delay in responding to a console
operator's request is important from a performance view=-
point as well as being highly variable and dependent on
several random factors. Calculated worst~-case delays are
intolerable; however, the display system's actual average
delay probably is much closer to the best case (less than
4 seconds) than to the worst case. Even though all in-
dications are that the worst cases seldom occur, their exact
probabilities of occurrence are not now known. It should be
noted that the statement concerning CIM adequacy. for proposed
CCATS use does not include delay as a consideration.

GENERAL OBSERVATIONS AND CONCLUSIONS
A number of somewhat more general observations and conclusions
can be stated, not all of which are direct results of the various

analyses performed. These are listed below under two categories.

§ystem;Hardware Characteristics

(1) All console operator interactions with the display system.
hardware are by means of mechanical devices such as push-
buttons, thumbwheel and toggle switches, and dials. At
present, no use is made of the display surface as an input
device, which can have advantages in certain cases.
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(2)

(3)

(4)

(5)

The hardware of the display system is very flexible, with

its patching and inter-connection capabilities; this has

both advantages and disadvantages. One disadvantage is the
lack of standardized configurations from mission to mission.
This tends to produce a documentation problem, as well as
requiring significant time and effort in physically rewiring
the system. A remedy which has been suggested is recon-
figuration via computer software; the desirability of this
approach, indeed the desirability of any change in flexibility,
can be evaluated only by further study.

The display system hardware is, by and large, special-purpose
hardware, at least at the subsystem and major unit levels.

It is computer-specific in at least a few ways, i.e., it

will work without modification only with computers having a
36-bit word length, and having certain input and output rates.
It is not designed to work with certain types of computers,
e.g., those designed for time-sharing operation. None of
these statements are meant as criticisms of the system.

The circuits and techniques used throughout are quite stand-
ard, within each major unit.

The ratio of capacity to average or peak demand probably
varies to some extent throughout the display system. While
some variation is to be expected, an excessive variation in
this ratio indicates inefficiency of utilization of equip-
ment. Whether the variation is within reasonable bounds

was not determined in this study.

Potential limiting factors on system performance include
input factors such as the CIM or ACIM (number of scan
positions, scanning rate, output transmission rates),
computer processing factors (input/output rates, processing
delay, priority structure for interrupts), and output factors
such as the number of D/TV channels. Based on the limited
results of this study, none of these potential trouble areas
seem to be acting as ''bottlenecks' with the present level

of system usage. It is interesting to note that queuing

can occur for the system in at least three places: at the in-
put. to the CIM:, in the RICC, and in the Video Scanner
Control unit (storage of hardcopy requests).

System Analysis Factors

(1)

(2)

Usage analysis of the sort done for this study is tedious

and time-consuming, due to the large amount of manual

labor involved.

Certain facts arising from the usage data analysis are un-
explained, e.g., the lack of peaks in display system activity
during the crisis period of GT-8 and a significant number
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(3)

%)

of display formats having little or no usage during this
mission. Such facts cannot be interpreted from log data
alone; they require in addition a knowledge of operational
procedures, human operator preferences, and understanding of
the functions and needs of various Flight Controllers and
console operators.

The results of the usage studies indicate that they are of
basic importance to both assessment of past operations and
prediction of system performance during future operations
(via providing the data needed to construct useful analytical
models of the display system's operatiomn).

Many system parameters identified and studied in this
analysis (e.g., D/TV channel saturation, the number of
different displays called per unit time, average CIM rates,
etc,) exhibit a variation with time which is essentially
random. This implies a statistical approach in constructing
the models mentioned in (4) above.
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SECTION VI

RECOMMENDATIONS

Recommendations relative to the Display and Control system are
given below in three major categories.

MODIFICATION OF PRESENT SYSTEM

Immediate and extensive redesign or modification of the C/D system
is not justified by any evidence gathered in this study, and is not
recommended.

This recommendation does not mean that relatively minor changes
(e.g., addition of four to eight D/TV channels or assignment of some
unused CIM scan positions to CCATS) should not be considered. At
least one such minor change, an increase in the number of DRK modules,
is contra-indicated by this study and should be avoided. The re-
commendation does mean that relatively major changes (e.g., a change
in the method of generating displayed characters, or changes in the
type and degree of centralization of display memory) should be made
only as justified by quantitative evidence of need.

EXTENSION OF PRESENT STUDIES

It is recommended that the type of display system analysis begun
under this contract and described in this report be continued. As
part of the continuation, the analysis techniques developed here should
be broadened, extended, and improved. More specific and detailed
recommendations are given below.

Continuation of Established Analyses

Those analyses concerned with potential system problem areas
(e.g., channel saturation and system response time) are recommended
for long-term continuation, as follows:

(1) D/TV Channel Saturation Analysis. This analysis, in at
least its present degree of development (measurement of
RED/AMBER conditions) should be done for several past
missions and for each new mission, primarily to detect any
dangerous trends in channel saturation. The analysis can
be made more effective for this purpose by improvements
described later,
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(2) Functional Console Group Analysis. This analysis, ex-
emplified by the Life Systems Consoles study reported in
SECTION IV, should be completed (analysis of all
functional console groups) for GI-8, and should be done
for enough other missions to establish whether there are
significant anomalies in display format usage.

(3) Total Console Module Activity Analysis. This analysis, with
improvements described later, should be performed for
several past missions and for each new mission, primarily
for the purposes of establishing trends in operator demand
and determining the distribution of interarrival times for
display requests, These factors should be of significant
aid in predicting system response times for future missions.

It is recommended that other already-developed analyses be con-
tinued for at least one mission beyond GT-8, primarily for confirmation
of GT-8 results and indication of any significant trends, as follows:

(1) MSK versus DRK Usage. This analysis should be completed
by analyzing GT-8 data on one additional console (Console 8,
GNC) and the complete six=-console analysis run for one
additional mission.

(2) p/TV Channel Outages. This analysis should be performed
for a mission considerably longer than GT=-8, in order to
determine whether mission duration has any significant
effect on channel availability.

(3) CIM Loading Analysis. This should be repeated for one
additional mission.

Improvements in Analysis Techniques

It is recommended that various improvements be made in the
analysis techniques, as follows:

(1) Contact and working relationships should be established
between MITRE and operational personnel engaged in actual
flight control activities; only in this way can certain
facts obtained from analysis be interpreted correctly.

(2) The averaging effect introduced by use of 20-minute time
intervals should be eliminated, in some cases, by working
with instantaneous changes in system status and demand.
This applies particularly to the Total Console Module
Activity Analysis, where it would permit the calculation
of console request interarrival times. This analysis
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(3)

(4)

would also be improved by obtaining data for individual
consoles as well as totals.

The D/TV Channel Saturation analysis should be extended

to give a complete distribution of channel assignment;

i.e., not just in two ranges (24 to 25 channels and 256 to

28 channels) but in unit ranges from O to 28, plus addition-
al "demand" ranges above 28 (channels demanded but not
assigned because of saturation).

Some means of automating the present tedious manual pro-
cedures for analyzing usage data is almost mandatory. It
is recommended that effort begin at once on developing a
computer program to perform these procedures zutomatically
and rapidly, and to output either tabular data or final
curves. This recommendation applies to all analyses re-
ported here as well as to new analyses recommended in the
following paragraphs.

New Analvses

It is recommended that two analyses not performed in this study
(but based on same) be designed and carried out for GT-8 and other
missions, as described below:

(1)

(2)

RICC Delays. The acquisition of data on various display
outputs from the RTCC, followed by comparison with input
request data, is recommended as one means of determining
RTCC time delay in processing display requests (this delay
is one unknown factor in estimating total system delays).
This analysis should be carried out for GT-8 and several
other missions.

Trend Analysis. A trend analysis based on usage data from
more than one mission should be developed, primarily for
the purpose of establishing mission~to-mission trends and
correlations. A quantitative analysis of this type need
not be excessively complex, but is of exceedingly great
importance in estimating system requirements for future
missions.

INSTITUTION OF DIFFERENT TYPES OF STUDIES

Three types of studies, somewhat different from the Usage Analysis
Studies reported here, are recommended for consideration; these are
described in the following.
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Display Structure and Content Study

It is recommended that consideration be given to a study of
display formats, from a design point of view and for the purpose
of determining if it is desirable and practical to eliminate and/or
combine some of the formats. Such a study would necessarily involve
operational procedures, needs, and policies, and could turn out to
involve fairly extensive analysis of display content. Factors which
might be considered are redundancy, character density, operator
preference, and a usage factor for each format. The results of this
study could, by reducing the number of computer-stored formats, de-
crease the number of display-retrieval actions and increase the average
information content of the displays; this would both reduce the time
required of the RTCC to handle display requests and decrease the de-
mand for the (limited) number of D/TV channels available,

Study of Demand/Performance Models

The performance of the display system (or of any system involving
man/machine interaction) is dependent on two factors:

(1) The way in which various system hardware and software
elements operate.

(2) The demand placed upon the system, primarily by human
operators.

In the present case, the first factor involves operating characteristics
which are either well understood or can be easily measured; in the
aggregate, these characteristics (expressed numerically) form a
mathematical model of the system. Where only a portion of the total
system is of interest, such a model is often relatively simple and
straightforward.

The second factor, involving as it does the complex and
partially-random interactions of a large number of operators, cannot
be described by a deterministic model such as used for the system
hardware. Here, a statistical model is more appropriate. Again,
such models are often simple (e.g., in the form of distributions
such as those plotted in some of the figures of SECTION IV), but may
be more difficult to construct.

It is recommended that a study be performed for the purpose
of constructing models of both types which can reasonably approximate
the operation of the display system with regard to its display-re=~
trieval function. The two types of model would be designed to work
together, with the statistical model serving as "input" to the
deterministic one; the resulting composite model could then be used
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(analytically or via simulation techniques) to predict system per-
formance for a variety of operating conditions and over a range

of system loads. In turn, this allows the prediction of system
adequacy for future missions and enables one to make various redesign
tradeoffs. A study of this type would complement the various usage
analyses recommended; e.g., it might make use of certain statistics
gathered from usage data and might indicate additional types of usage
data which are important.

System Configuration Study

Recommended for consideration is this fairly broad study encom-
passing various system-level concepts and questions pertinent to the
Display and Control System. The objective would be to provide NASA
with the quantitative information necessary for making acquisition
and design decisions for that system.

Examples of appropriate subject-areas for investigation include
the following:

(1) The variation and balance, among various system elements,
of the ratio of capacity to demand. As an example, if this
ratio were 1.2 for a certain unit; and 1.8 for a second unit,
and if these two units are always used together in response
to the same demand, then the extra 60% over-capacity of
the second unit can never be utilized. This ratio is
closely connected with the economic factor of percent
utilization of equipment.

(2) The degree of centralization of display refresh memory,
i.e., the degree to which such memory capacity is avail-
able for common use (on a space-sharing basis) to the
individual console operators. This factor can significantly
affect both equipment costs and performance of the system.

(3) The desirability and practicality of doing at least part
of the pre-mission reconfiguration (re-wiring, patching,
etc) via computer software.

(4) The interactions and mutual effects, between the display
system and other systems, due to changes in the design or
operation of either.

(5) The degree of standardization (in hardware, system con-

figuration, console configuration, etc.,) which best suits
the needs of the MCC.

83



(6) The potential application and incorporation of new advances
in display and control technology. This implies continuous
cognizance of new techniques and devices (e.g., computer
time sharing, on-line graphics, light pen input techniques,
YRAND Tablet' devices, electronic character generation,
electroluminescent and reflective display surfaces, the
use of displayed 'keyboards'" and cursors, and the dialing
of telephone connections via the display surface).

(7) Performance-degradation curves which show how system
performance is degraded by both increases in loading and
decreases (due to equipment malfunctions) in system
capability. The latter would indicate the extent to which
the system was ''fail soft'", i.e., to which gradual, instead
of abrupt, performance degradation occurred.

The aggregate knowledge gained in the above study areas should
serve to more precisely define the tradeoffs which can be made with
respect to the Display and Control System., They should lead to
quantitative procedures for predicting the consequences of various
choices in system configuration, and, ultimately, in making tradeoffs
between factors such as capital expenditures and costs, procurement
time, obsolescence, performance, flexibility, and back-up capability.
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